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(54) Tunable quadrature phase shifter 

(57) A tunable quadrature phase shifter including 
two branches each constituted by the cascade connec- 
tion of a filter, an amplifier and a summing circuit, and 
two cross-connections constituted by amplifiers inter- 
connecting the filter of one branch to the summing circuit 
of the opposite branch. An accurate 90 degrees phase 
shift between the two output signals is obtained by con- 
trolling the tail currents of the four amplifiers. 



The phase shifter used in mobile telecommunication 
transceivers may be easily and accurately tuned 
because the signals used in the summing circuits all have 
a similar amplitude. It is further adapted to operate with 
only 3 Volt battery supply as used in wireless phones. 

The bandwidth of the amplifiers is increased by 
using double differential pair amplifiers which behave as 
cascode arrangements. 
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Description 

The present invention relates to a tunable quadra- 
ture phase shifter having an input and first and second 
outputs on which orthogonal first and second output sig- 
nals are provided respectively, said input being coupled 
both to said first output through the cascade connection 
of a first filter circuit, a first amplifier and a first summing 
circuit, and to said second output through the cascade 
connection of a second filter circuit, a second amplifier 
and a second summing circuit, the junction point of said 
first filter circuit and said first amplifier being coupled to 
said second summing circuit via a first device and the 
junction point of said second filter circuit and said second 
amplifier being coupled to said first summing circuit via 
a second device, each of said first and second devices 
being controlled by a phase adjust signal. 

Such a quadrature phase shifter is already known in 
the art, e.g. from the European Patent Application EP- 
A1 -0608577 {Sevenhans 17) of BELL TELEPHONE 
MANUFACTURING COMPANY N.V. entitled "GMSK 
modulator with automatic calibration" and published on 
August 3, 1994. Therein, the first and second filter cir- 
cuits provide respective first and second filter output sig- 
nals which are roughly phase shifted by +45 degrees and 
-45 degrees with respect to a signal applied to the input. 
These roughly orthogonal filter output signals are ampli- 
fied in their respective branches by the first and second 
amplifiers thereof. Each of the above first/second device 
used in this known phase shifter is a first/second multi- 
plier which multiplies the first/second filter output signal 
of the first/second filter circuit with the phase adjust sig- 
nal so as to provide a first/second device smaller output 
signal, i.e. a signal whose phase is the same as that of 
the first/second filter output signal but having a smaller 
amplitude. The device smaller output signal is then vec- 
torially added to the larger amplified first/second filter 
output signal of the opposite branch by the second/first 
summing circuit and the results of these additions are 
the above second and first orthogonal output signals. An 
accurate angle of 90 degrees between these two output 
signals can thus be obtained by modifying the amplitude 
and/or the sign of the device smaller output signals. This 
modification is performed by changing the phase adjust 
signal which controls the devices, i.e. the multipliers. This 
phase adjust signal is for instance supplied by an exter- 
nal control circuit which measures the phase shift 
between the first and the second output signals. 

This known phase shifter is used in the GSM (Global 
System for Mobile communications) and other radio 
transmitters and receivers where an accurate 90 
degrees phase shift is necessary to obtain a sufficient 
image rejection in the transmitter and to have a correct 
90 degrees phase difference between the I (In-phase) 
and Q (Quadrature-phase) base band phase vector sig- 
nals in the receiver. 

Over the past few years, Silicon Bipolar and GaAs 
MMIC's (Microwave Monolithic Integrated Circuits) were 
competing for the wireless phone radio transceiver appli- 



cation. As the circuits thereof required a 5 Volt supply, a 
known Gilbert cell could be perfectly used as a multiplier. 
Such a Gilbert cell is for instance known from the book 
" Analysis and design of analog integrated circuits" of P. 

5 R. Gray and R. G. Meyer, published by J. Wiley & Sons, 
New York, 1977, and more particularly from pages 563 
to 575 thereof. It has, between the ground and the VCC 
(5 Volt) supply terminal, three levels of transistors: a bias 
signal or current source input level, a radio signal input 

w level and a local oscillator input level. 

Today, designers are struggling for the next step: to 
use a 3 Volt supply in battery operated wireless phones. 
Such a 3 Volt supply, with a tolerance of ± 10%, allows 
to reduce the number of batteries, the cost, the volume 

15 and the weight of the handset. However, the above three 
transistor levels Gilbert cell can then no longer be used 
since the 1 Volt collector-to-emitter voltage drop (VCE) 
produced over each transistor, i.e. 3 Volts in total, leaves 
no headroom for the useful signal, especially when the 

20 supply voltage drops to 2.7 Volt at the end of the battery 
cycle. New circuits need thus to be designed. 

Another problem with the above known phase shifter 
is the relative large amplitude difference of the different 
signals applied to the summing circuits, i.e. of the device 

25 smaller output signals and the larger signals at the output 
of the amplifiers. Indeed, in the transistor technique, e.g. 
from Chapter 4-6: "Frequency response of a transistor 
stage - The short circuit current gain" at pages 121 to 
126 of the McGraw-Hill book "Pulse, Digital and Switch- 

30 ing Waveforms" by Millman and Taub (1965), it is well 
known that the transition frequency IT at which the 
short-circuit common-emitter current gain of a transistor 
attains unity and which thus corresponds to the band- 
width of the amplifier using the transistor, dramatically 

35 varies as a function of the emitter-to-collector voltage 
and/or the emitter current of this transistor. Because of 
the above large amplitude differences of the signals sup- 
plied to the first and second amplifiers and to the ampli- 
fiers included in the Gilbert cells, it is obvious that the 

40 gain thereof is not easy to control. As a result, the tuning 
of the known phase shifter is relatively difficult. This is 
especially true at the high frequencies at which it is oper- 
ated in a radio transmitter or receiver. 

An object of the present invention is to provide a tun- 

45 able quadrature phase shifter of the above known type, 
but which is adapted to operate with a lower supply volt- 
age, e.g. of 3 Volt, and of which the phase shift between 
the two output signals can be easily and accurately tuned 
According to the invention, this object is achieved 

so due to the fact that said first and second devices are con- 
stituted by third and fourth amplifiers which are similar to 
said first and second amplifiers, each of said amplifiers 
being associated to a distinct variable tail current source 
controlled by said phase adjust signal, that said first sum- 

55 ming circuit provides said first output signal by subtract- 
ing output signals of said first and fourth amplifiers, and 
that said second summing circuit provides said second 
output signal by adding output signals of said second and 
third amplifiers. 
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In this way. the use of Gilbert cells is avoided and 
the phase shifter is adapted to operate with a relatively 
low supply voltage, e.g. of 3 Volt. Furthermore, as the 
four amplifiers are similar and are controlled by the same 
phase adjust signal via their tail current source, they all 5 
have the same transition frequency FT, i.e. they have the 
same bandwidth. The output signals of these amplifiers 
have thus the same amplitude and the phase shifter can 
be easily and accurately tuned by simultaneously vary- 
ing these amplitudes by a same value, as will be w 
explained later. 

Other characteristic features of the present invention 
are that said first filter circuit is a balanced Resistor- 
Capacitor integrator, that said second fitter circuit is a bal- 
anced Capacitor-Resistor differentiator, and that the four is 
amplifiers are differential operational amplifiers each 
having a first and a second output. 

In this way, the present quadrature phase shifter 
behaves as a fully balanced differential device which is 
less sensitive to supply noise than a single ended device 20 
and improves the elimination of unwanted signal har- 
monics. 

In more detail, the four amplifiers are adapted to be 
controlled by said phase adjust signal via a differential 
amplifying arrangement of which a first output controls 25 
the variable tail current sources of said first and third 
amplifiers and of which a second output controls the var- 
iable tail current sources of said second and fourth ampli- 
fiers. 

Furthermore, in said first summing circuit the first 30 
output of said first differential amplifier is connected to 
the second output of said fourth differential amplifier and 
the second output of said first differential amplifier is con- 
nected to the first output of said fourth differential ampli- 
fier, whilst in said second summing circuit the first output 35 
of said second differential amplifier is connected to the 
first output of said third differential amplifier and the sec- 
ond output of said second differential amplifier is con- 
nected to the second output of said third differential 
amplifier. 40 

Because of the relatively low supply voltage, no 
headroom of the useful signal may be wasted and the 
currents in the phase shifter need to be accurately con- 
trolled. 

To this end, further characteristic features of the 45 
present invention are that said differential amplifying 
arrangement includes a first and a second tuning circuit 
controlled in a differential way by said phase adjust sig- 
nal, that said first tuning circuit controls the variable tail 
current sources of said first and third amplifiers, that said so 
second tuning circuit controls the variable tail current 
sources of said second and fourth amplifiers, that said 
differential amplifying arrangement further includes a 
first current source controlled by said first tuning circuit 
and a second current source controlled by said second 55 
tuning circuit, and that said first and second current 
sources control in feedback said first and second tuning 
circuits. 



Owing to the feedback provided by the first and sec- 
ond currents sources, the output signals of the differen- 
tial amplifying arrangement are very stable and the 
variable tail current sources of the four amplifiers are 
accurately controlled. 

To increase the bandwidth of the four differential 
amplifiers of the present phase shifter a known solution 
consists in *cascoding' them by introducing a common 
base stage at the outputs of the transistors of these dif- 
ferential pairs. However, here again a low supply voltage 
leaves no headroom for the transistors of the cascode 
arrangement. 

Therefore, in a preferred embodiment of the present 
invention, each of the four differential amplifiers is a dou- 
ble differential pair amplifier and each of said variable tail 
current source is a double tail current source. 

In more detail: 

said variable tail current source includes in parallel 
a first and a second current branch each constituted 
by the series connection of the main path of a bias 
transistor and a resistor, both said bias transistors 
being simultaneously controlled by said phase 
adjust signal; 

- said double differential pair amplifier includes first 
and second parallel branches connected to said first 
and second current branch respectively, each of said 
parallel branches comprising the series connection 
of a load resistor and the main path of a transistor 
the control electrodes of which being intercon- 
nected; and 

- said double differential pair amplifier further includes 
third and fourth branches in parallel with said first 
and second branch respectively and each compris- 
ing a transistor connected of which the control elec- 
trode constitutes an input of the differential amplifier. 

Moreover, the interconnected control electrodes of 
the transistors of said first and second parallel branches 
are connected both to the control electrodes of the tran- 
sistors of said third and fourth parallel branch via a resis- 
tor respectively, and to the junction point of the load 
resistor with said transistor via a capacitor respectively. 

In this way, a low supply voltage may still be used 
because only two levels of transistors are stacked on top 
of each other leaving a large headroom for the signal, 
whilst the bandwidth is extended because the transistors 
of the first and second parallel branches operate as com- 
mon base transistors as will be explained later. 

The above mentioned and other objects and fea- 
tures of the invention will become more apparent and the 
invention itself will be best understood by referring to the 
following description of an embodiment taken in conjunc- 
tion with the accompanying drawings wherein : 

FIG. 1 is a schematic view of the tunable quadrature 
phase shifter QPS of the invention; 
FIG. 2a and 2b show phase vector diagrams of sig- 
nals used in the phase shifter QPS of FIG. 1 ; 
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FIG. 3 represents the phase shifter QPS of FIG. 1 
in more detail; and 

FIG. 4 shows a preferred embodiment of the ampli- 
fiers B1 , A2, B2 or A1of FIG. 1. 

The tunable quadrature phase shifter QPS schemat- 
ically represented in FIG. 1 is a differential device used 
in a zero IF (Intermediate Frequency) receiver or trans- 
mitter where an accurate and stable 90 degrees phase 
shift is required. QPS has an input LO to which a differ- 
ential input signal is applied and two outputs 01 and 02 
at which two distinct differential output signals V1 and V2 
are provided. As will be explained later by making refer- 
ence to FIGs. 2a and 2b, the phase shifter QPS may be 
so tuned that the phase vectors V1 and V2 of the like 
named respective output signals at 01 and 02 are 
orthogonal. 

LO is connected to two parallel balanced filters RC 
and CR. The filter RC is a balanced Resistor-Capacitor 
integrator including two series resistors R1 , R2 and a 
shunt capacitor C1, with R1=R2. The output terminals 
LU of RC are connected to inputs of a first differential 
operational amplifier B1 whose differential outputs (+) 
and (-) are connected to the terminals of the output 01 . 
In a complementary way, the filter CR is a balanced 
Capacitor-Resistor differentiator including two series 
capacitors C2, C3 and a shunt resistor R3, with 
C1=2C2=2C3 and R3=2R1=2R2. The output terminals 
LD of CR are connected to inputs of a second differential 
operational amplifier A2 of which the differential outputs 
(+) and (-) are connected to the terminals of the output 
02. 

The phase vector of the signal at the output of the 
filter RC, i.e. at the output terminals LU, and the phase 
vector of the signal applied to the input LO are shifted up 
by approximately 45 degrees, whilst the phase vector of 
the signal at the output of the filter CR, i.e. at the output 
terminals LD, and the phase vector of the signal at LO 
are shifted down by approximately 45 degrees. As a 
result, the angle between the two phase vectors at LU 
and LD is roughly equal to 90 degrees. The error is due 
to technological mismatches between the resistors and 
capacitors as the present phase shifter Q PS is integrated 
in an electronic chip. In order to obtain an exact 90 
degrees phase shift between the two output signals, the 
following parts of the circuit are used. 

The output terminals LU are connected to inputs of 
a third differential operational amplifier B2 whose differ- 
ential outputs (+) and (-) are connected to the like-polar- 
ity terminals of the output 02 of the second amplifier A2. 
These terminals are further also connected to a +3 Volts 
supply VCC via respective load resistors SR1 and SR2, 
and constitute an algebraic summing circuit SD wherein 
the output currents of A2 and B2 are added. The corre- 
sponding output voltages are available across the load 
resistors SR1 and SR2. 

Similarly, the terminals LD are connected to inputs 
of a fourth differential operational amplifier A1 of which 
the differential outputs (+) and (-) are connected to the 



opposite-polarity terminals of the output 01 of the first 
amplifier B1 . These terminals are further also connected 
to VCC via respective load resistors SR4 and SR3, and 
constitute an algebraic summing circuit SU wherein the 

5 output currents of B1 and A1 are subtracted. The corre- 
sponding output voltages are available across the load 
resistors SR3 and SR4. 

The four differential amplifiers B1, A2, B2 and A1 
include a respective tail current source IB1 , IA2, IB2 and 

w IA1 which is connected to a ground terminal GND and is 
controlled by a differential external phase adjust control 
signal PAS applied thereto via a differential amplifier 
arrangement PAA. In more detail, one output (+) of PAA 
controls the current sources IB1 and IB2, whilst the other 

15 output (-) controls the current sources I A2 and I A1 . The 
phase adjust signal PAS may for instance be supplied by 
an external control circuit (not shown) which measures 
the phase shift between the signals at the outputs 01 
and 02. 

20 The operation of the quadrature phase shifter QPS 
of FIG. 1 will be explained below by making reference to 
FIGs. 2a and 2b wherein the signals at the outputs of the 
amplifiers B1, A2, B2 and A1 are represented by their 
like-named phase vectors and the output signals are rep- 

25 resented by their phase vectors V1 and V2. 

In the normal operating status of QPS, the vectors 
B1 , A2, B2 and A1 are equal to b1 . a2, b2 and a1 respec- 
tively and have all the same absolute amplitude. Owing 
to the above interconnections, b1 and b2 have an iden- 

30 tical phase orientation and are orthogonal to a1 and a2. 
Moreover, since the summing circuit SU subtracts a1 
from b1 , it may be seen as adding b1 and -a1 . For this 
reason -a1 is shown in the FIGs. 2a and 2b rather than 
a1 . The output phase vectors V1 and V2 are obtained by 

35 vectorially summing b1 and -a1 in SU and b2 and a2 in 
SD respectively. As the amplitudes of the vectors b1 , a2, 
b2 and a1 are the same, the output vectors V1 and V2 
are orthogonal. 

In case the angle between V1 and V2 is not exactly 

40 equal to 90 degrees, the following corrections may be 
performed under control of the phase adjust signal PAS. 

If the angle between V1 and V2 is too large with 
respect to 90 degrees, PAS controls the tail current 
sources I B1, IA2, IB2and IA1 so as to increase the phase 

45 vectors b1 and b2 to b'1 and b'2 respectively, whilst the 
phase vectors a2 and -a1 are then simultaneously 
decreased to a'2 and -a'1 respectively as shown in FIG. 
2a. The value with which the phase vectors b1 , b2 and 
a1 , a2 are respectively increased and decreased is iden- 

50 tical for all these vectors. As a result, the phase vector 
V1 is shifted up by an angle a to V1 , V'1 being equal to 
the sum of b'1 and -a'1 , whilst the phase vector V2 is also 
shifted up by the same angle a to V'2, equal to the sum 
of b'2 and a'2. 

55 Conversely, if the angle between V1 and V2 is too 
small with respect to 90 degrees, PAS controls the tail 
current sources IB1 , IA2, IB2 and 1A1 so as to decrease 
the phase vectors b1 and b2 to b"1 and b"2 respectively, 
whilst the phase vectors a2 and -a1 are then simultane- 
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ously increased to a"2 and -a"1 respectively by a same 
value, as shown in FIG. 2b. As a result, the phase vector 
V1 is shifted down by an angle p to V"1 , V"1 being equal 
to the sum of b"1 and -a"1 , whilst the phase vector V2 is 
also shifted down by the same angle p to V"2, equal to 
the sum of b"2 and a"2. 

Within the linear range of the tuning, a correction of 
± 6 degrees is possible in practice. 

In order to keep the amplitude of the four phase vec- 
tors b1 , a2, b2 and a1 constant over a temperature range 
from -25 to +75 degrees Celsius and for a supply voltage 
varying between 2.7 and 3.3 Volt, the present quadrature 
phase shifter QPS is provided with a feedback common 
mode control loop which is build in the differential ampli- 
fier arrangement PAA. 

The purpose of this differential amplifier arrange- 
ment PAA is to accurately control the tail current sources 
IB1, IA2, IB2 and IA1 and its structure is illustrated in 
FIG. 3 which also shows the quadrature phase shifter 
QPS in more detail. 

In this FIG. 3, the amplifiers B1 , A2, B2 and A1 are 
represented by a differential pair of NPN transistors 
whose base electrodes are the inputs of the amplifier and 
whose collector electrodes are the outputs thereof. The 
emitter electrodes of these transistors are connected in 
common to the tail current source associated to the 
amplifier, i.e. IB1, IA2, IB2 and IA1 respectively. Each of 
these current sources includes, between the emitters of 
the transistors of the amplifier and the ground terminal 
GND, the series connection of the collector-to-emitter 
path of a NPN transistor and a resistor. The base elec- 
trodes of the latter transistors are connected to the out- 
puts of the differential amplifier arrangement PAA as 
explained above. The amplifiers B1 , A2, B2, A1 , the cur- 
rent sources IB1, IA2, IB2, IA1 and the circuits RC, CR, 
SU and SD of QPS need not to be explained in more 
detail hereafter because they all have a structure which 
is well known to any person skilled in the art. 

The amplifier arrangement PAA includes a differen- 
tial pair of NPN transistors TD1 and TD2 to the base elec- 
trodes of which the differential external phase adjust 
control signal PAS is connected. This differential input 
signal PAS is for instance supplied by a preceding Digital- 
to-Analog converter (not shown). The emitter electrodes 
of TD1 and TD2 are connected in common to a constant 
current source constituted by the series connection of 
the collector-to-emitter path of a NPN transistor TPA and 
a resistor RPA connected to the ground terminal GND. 
A constant bandgap' bias voltage VBA is applied to the 
base electrode of TPA in order to maintain a constant 
current flow in TPA and RPA. The supply terminal VCC 
is connected to the collector electrodes of TD1 and TD2 
via a common resistor RI1 in series with parallel resistors 
RI2 and RI3 respectively. The collector electrodes of TD1 
and TD2 are further connected to the base electrodes of 
NPN transistors TI1 and TI2 respectively. TI1 and TI2 are 
mounted as emitter-followers with their collector-to-emit- 
ter path connected between the VCC supply terminal 
and the ground terminal GND via constant current 



sources IP1 and IP2 respectively. The emitter electrodes 
of TI1 and TI2 constitute the outputs of PAA and control 
the current sources IB1, IA2, IB2 and IA1 by supplying 
a bias voltage thereto. In more detail, the emitter elec- 

5 trode of TI1 is connected to the base electrode of the 
transistor included in the current sources IB1 and IB2, 
whilst the emitter electrode of TI2 is connected to the cur- 
rent sources IA1 and IA2. 

In order to compensate for the tolerances on the 

10 resistors and possible fluctuations of the base-to-emitter 
voltage (VBE) of the transistors in function of tempera- 
ture, PAA further includes two feedbackbranches. These 
branches perform a common mode feedback because 
the phase vectors b1, a2, b2 and a1 used to tune the 

15 angle between the output phase vectors V1 and V2 have 
different amplitudes, whilst their sum (or difference), i.e. 
V1 and V2, needs to remain constant. 

Each feedback branch includes a current source 
comprising the collector-to-emitter path of a NPN tran- 

20 sistor TI3, TI4 in series with a resistor RI4, RI5 connected 
to the ground GND respectively. The collector electrodes 
of the transistors TI3 and TI4 are connected in common 
to the junction point of the resistors RI1 and RI2, RI3, 
whilst their base electrodes are connected to the outputs 

25 of PAA, i.e. to the emitter electrodes of TI1 and TI2 
respectively. 

The current flowing in the current source TI3, RI4 is 
thus proportional to the phase vectors b2 and b1 , whilst 
the current flowing in the current source TI4, RI5 is pro- 

30 portional to the phase vectors a1 and a2. The sum of 
these currents is constant and determines the voltage 
drop across the resistor RI1 This voltage drop controls 
the voltage at the base electrode of the emitter-followers 
TI1 and TI2 whereby the feedback loop is closed. In this 

35 way, any increase of the b2 and b1 phase vectors corre- 
sponding to an identical decrease of the a 1 and a2 phase 
vectors, is accurately controlled. 

Although the above phase shifter has been 
described as a fully differential device, it is also possible 

40 to obtain similar results by using single ended circuits. 
However, differential circuits have the advantage of 
improving the rejection of supply noise and of second 
order harmonics in case of distortion of the incoming sig- 
nals. 

45 In a preferred embodiment of the present phase 
shifter, the four differential amplifiers B1 , A2, B2 and A1 
are each replaced by a double differential pair amplifier 
in order to increase the bandwidth, as will be explained 
below. 

so It is known that the bandwidth of a differential ampli- 
fier may be advantageously optimized by using a cas- 
code arrangement. Such a cascode arrangement is 
generally obtained by adding a stage of common base 
transistors on top of the differential amplifier, i.e. by con- 

55 necting common base transistors to the collector elec- 
trodes of the two transistors of the differential amplifier. 
Here however, because of the supply voltage being lim- 
ited to 3 Volt, no headroom is left to add such an addi- 
tional transistor level between the supply terminals VCC 
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and GND. Therefore, to obtain a similar effect on the 
bandwidth, each of the above differential amplifiers B1 
A2, B2 and A1 is advantageously replaced by a double 
differential pair amplifier and each of their associated 
current sources IB1, IA2, IB2 and IA1 is replaced by a 
double tail current source. Such an arrangement, also 
including load resistors SRA and SRB comparable to the 
above load resistors SR1 to 5R4, is shown in FIG. 4 and 
generally referred to as DDPA. 

DDPA has differential input terminals IN+ and IN- 
and differential output terminals OUT+ and OUT- which 
may be compared to the above device outputs 01 or 02. 
In the double differential pair arrangement DDPA the 
above current source IB1 , IA2, IB2 or IA1 is replaced by 
a double tail current source, i.e. by two parallel current 
branches each including the series connection of the col- 
lector-to-emitter path of a bias NPN transistor and a 
resistor connected to the ground GND. The two current 
branches are simultaneously controlled via the base 
electrode of their bias transistor. Each current branch is 
coupled to the supply terminal VCC via a distinct branch 
of the amplifier including the emitter-to-collector path of 
an NPN transistor T2, T3 in series with a load resistor 
SRA, SRB respectively. The output 0UT+, OUT- is con- 
nected to the junction point of the collector electrode of 
the transistor T2, T3 with the associated load resistor 
SRA, SRB respectively. Each branch T2, SRA and T3, 
SRB is connected in parallel with a second branch com- 
prising the emitter-to-collector path of a second transis- 
tor T1, T4 between the emitter electrode of T2, T3 and 
the supply terminal VCC respectively. The base elec- 
trodes of T2 and T3 are interconnected and coupled to 
their respective collector electrodes, i.e. to the outputs 
OUT+ and OUT-, via a capacitor C. The differential input 
terminals IN+ and IN- are connected to the base elec- 
trodes of the transistors T1 and T4 and the latter bases 
are further connected to the collector electrodes of their 
respective transistor via a capacitor C. The base elec- 
trodes of the transistors T1 and T4 are further connected 
to the base electrodes of the transistors T2 and T3 
respectively via an high impedance resistor R whereby 
a DC base current is supplied to the bases of T2 and T3 
without affecting the AC input signal. 

The two transistors T2 and T3 operate as common 
base transistors as the middle base node is virtually 
grounded for balanced inputs at IN+/IN-, except for the 
fact that the emitters of T2 and T3 are driven from the 
low impedance emitters of T1 and T4. But at least the 
Miller effect through the collector-base capacitor is elim- 
inated and an extended bandwidth is obtained at the 
expense of a double tail current. 

While the principles of the invention have been 
described above in connection with specific apparatus, 
it is to be clearly understood that this description is made 
only by way of example and not as a limitation on the 
scope of the invention. 



Claims 

1. Tunable quadrature phase shifter (QPS) having an 
input (LO) and first (01) and second (02) outputs 

5 on which orthogonal first (V1 ) and second (V2) out- 
put signals are provided respectively, said input 
being coupled both to said first output through the 
cascade connection of a first filter circuit (RC), a first 
amplifier (B1) and a first summing circuit (SU), and 

10 to said second output through the cascade connec- 
tion of a second filter circuit (CR), a second amplifier 
(A2) and a second summing circuit (SD), the junction 
point (LU) of said f irstf ilter circuit and said first ampli- 
fier being coupled to said second summing circuit 

is via a first device (B2) and the junction point of said 
second filter circuit and said second amplifier being 
coupled to said first summing circuit via a second 
device (A1), each of said first and second devices 
being controlled by a phase adjust signal (PAS), 

20 characterized in that said first and second devices 
are constituted by third (B2) and fourth (A1) amplifi- 
ers which are similar to said first (B1) and second 
(A2) amplifiers, each of said amplifiers being asso- 
ciated to a distinct variable tail current source (IB1 ; 

25 IA2; IB2; IA1) controlled by said phase adjust signal 
(PAS), in that said first summing circuit (SU) pro- 
vides said first output signal (V1) by subtracting out- 
put signals of said first (B1) and fourth (A1) 
amplifiers, and in that said second summing circuit 

30 (SD) provides said second output signal (V2) by 
adding output signals of said second (A2) and third 
(B2) amplifiers. 

2. Tunable quadrature phase shifter (QPS) according 
35 to claim 1 , characterized in that said first filter circuit 

(RC) is a balanced Resistor-Capacitor integrator, in 
that said second filter circuit (CR) is a balanced 
Capacitor-Resistor differentiator, and in that said 
first, second, third and fourth amplifiers (B1 ; A2; B2; 
40 A1) are differential operational amplifiers each hav- 
ing a first (+) and a second (-) output. 

3. Tunable quadrature phase shifter (QPS) according 
to claim 2, characterized in that said first, second, 

45 third and fourth amplifiers (B1; A2; B2; A1) are 
adapted to be controlled by said phase adjust signal 
(PAS) via a differential amplifying arrangement 
(PAA) of which a first output (+) controls the variable 
tail current sources (IB1; IB2) of said first (B1) and 

so third (B2) amplifiers and of which a second output (- 
) controls the variable tail current sources (IA2; IA1) 
of said second (A2) and fourth (A1) amplifiers. 

4. Tunable quadrature phase shifter (QPS) according 
55 to claim 2, characterized in that in said first summing 

circuit (SU) the first output (+) of said first differential 
amplifier (B1) is connected to the second output (-) 
of said fourth differential amplifier (A1) and the sec- 
ond output (-) of said first differential amplifier is con- 
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nected to the first output (+) of said fourth differential 
amplifier, whilst in said second summing circuit (SD) 
the first output (+) of said second differential ampli- 
fier (A2) is connected to the first output (+) of said 
third differential amplifier (B2) and the second output 
(-) of said second differential amplifier is connected 
to the second output (-) of said third differential 
amplifier. 

5. Tunable quadrature phase shifter (QPS) according 
to claim 3, characterized in that said differential 
amplifying arrangement (PAA) includes a first (TI1, 
IP1) and a second (T12, IP2) tuning circuit controlled 
in a differential way by said phase adjust signal 
(PAS), in that said first tuning circuit controls the var- 
iable tail current sources (IB1 ; IB2) of said first (B1) 
and third (B2) amplifiers, in that said second tuning 
circuit controls the variable tail current sources (IA2; 
IA1) of said second (A2) and fourth (A1) amplifiers, 
in that said differential amplifying arrangement fur- 
ther includes afirst current source (TI3, RI4) control- 
led by said first tuning circuit (Tl 1 , IP 1 ) and a second 
current source (TI4, RI5) controlled by said second 
tuning circuit (TI2, IP2), and in that said first and sec- 
ond current sources control in feedback said first and 
second tuning circuits. 

6. Tunable quadrature phase shifter (QPS) according 
to any of the preceding claims, characterized in that 
the active devices of said phase shifter (QPS) are 
bipolar transistors. 

7. Tunable quadrature phase shifter (QPS) according 
to the claims 5 and 6, characterized in that the tran- 
sistors (TI1 and TI2) of said first (TI1, IP1) and sec- 
ond (TI2, IP2) tuning circuits are mounted as emitter- 
followers. 

8. Tunable quadrature phase shifter (QPS) according 
to claim 1 , characterized in that each of the four dif- 
ferential amplifiers (B1, A2, B2, A1) is a double dif- 
ferential pair amplifier and in that each of said 
variable tail current source (IB1, IA2, IB2, IA1) is a 
double tail current source. 

9. Tunable quadrature phase shifter (QPS) according 
to claim 8, characterized in that said variable tail cur- 
rent source (IB1, IA2, IB2, IA1) includes in parallel 
a first and a second current branch each constituted 
by the series connection of the main path of a bias 
transistor and a resistor, both said bias transistors 
being simultaneously controlled by said phase 
adjust signal (PAS), in that said double differential 
pair amplifier includes first and second parallel 
branches connected to said first and second current 
branch respectively, each of said parallel branches 
comprising the series connection of a load resistor 
(SRA, SRB) and the main path of a transistor (T2, 
T3) the control electrodes of which being intercon- 



nected, and in that said double differential pair ampli- 
fier further includes third and fourth branches in 
parallel with said first (SRA, T2) and second (SRB, 
73) branch respectively and each comprising a tran- 
5 sistor (T1 , T4) connected of which the control elec- 
trode constitutes an input of the differential amplifier. 

10. Tunable quadrature phase shifter (QPS) according 
to claim 9, characterized in that the interconnected 
10 control electrodes of the transistors (T2, T3) of said 
first (SRA, T2) and second (SRB, T3) parallel 
branches are connected both to the control elec- 
trodes of the transistors (T1 , T4) of said third and 
fourth parallel branch via a resistor (R) respectively, 
is and to the junction point of the load resistor (SRA, 
SRB) with said transistor (T2, T3) via a capacitor (C) 
respectively. 

Amended claims in accordance with Rule 86(2) EPC. 

20 

1 . Differential amplifier (DDPA) associated to a tail cur- 
rent source and having a differential input (IN+, IN- 
) and a differential output (OUT+, OUT-), character- 
ized in that said tail current source is a variable dou- 
25 ble tail current source including in parallel a first and 
a second current branch each constituted by the 
series connection of the main path of a bias transis- 
tor and a resistor, both said bias transistors being 
simultaneously controlled by a control signal, and in 
30 that said differential amplifier (DDPA) is a double dif- 
ferential pair amplifier including first (SRA, T2) and 
second (SRB, T3) parallel branches connected to 
said first and second current branch respectively, 
each of said parallel branches comprising the series 
35 connection of a load resistor (SRA, SRB) and the 
main path of a first transistor (T2. T3) the control 
electrodes of which being interconnected, said dou- 
ble differential pair amplifier (DDPA) further includ- 
ing third (T1) and fourth (T4) branches in parallel 
40 with said first (SRA. T2) and second (SRB, T3) 
branches respectively and each constituted by the 
main path of a second transistor (T1, T4) of which 
the control electrode constitutes one of said inputs 
(IN+, IN-) of said differential amplifier (DDPA), the 
4$ junction points of said load resistors (SRA, SRB) 
with said first transistors (T2. T3) constituting said 
outputs (OUT+, OUT-) of said differential amplifier 
(DDPA). 

so 2. Differential amplifier according to claim 1 , character- 
ized in that the interconnected control electrodes of 
said first transistors (T2, T3) are connected both to 
the control electrodes of said second transistors (T1 , 
T4) via a respective second resistor (R), and to the 
55 junction points of the load resistors (SRA, SRB) with 
said first transistors (T2, T3) via a respective capac- 
itor (C). 
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3. Differential amplifier according to claim 1 , character- 
ized in that all said transistors are bipolar transistors. 

4. Differential amplifier (DDPA: B1, A2, B2, A1) accord- 
ing to claim 1, characterized in that it is used in a s 
tunable quadrature phase shifter (QPS) having an 
input (LO) and first (01) and second (02) outputs 

on which orthogonal first (V1) and second (V2) out- 
put signals are provided respectively, said input 
being coupled both to said first output through the 10 
cascade connection of a first filter circuit (RC), a first 
said differential amplifier (B1) and a first summing 
circuit (SU), and to said second output through the 
cascade connection of a second filter circuit (CR), a 
second said differential amplifier (A2) and a second 15 
summing circuit (SD), the junction point (LU) of said 
first filter circuit (RC) and said first differential ampli- 
fier (R1) being coupled to said second summing cir- 
cuit (SD) via a third said differential amplifer (B2) and 
the junction point (LD) of said second filter circuit 20 
(CR) and said second differential amplifier (A2) 
being coupled to said first summing circuit (SU) via 
a fourth said differential amplifier (A1), said first sum- 
ming circuit (SU) providing said first output signal 
(V1) by subtracting output signals of said first (B1) 25 
and fourth (A1) differential amplifiers, and said sec- 
ond summing circuit (SD) providing said second out- 
put signal (V2) by adding output signals of said 
second (A2) and third (B2) differential amplifiers, 
and in that the bias transistors of the variable tail cur- 30 
rent sources (IB1 ; IA2; IB2; IA1) of each of said dif- 
ferential amplifiers (B1 t A2, B2, A1) are controlled 
by said control signal which is a phase adjust signal 
(PAS). 

35 

5. Differential amplifier according to claim 4, character- 
ized in that said first, second, third and fourth differ- 
ential amplifiers (B1 ; A2; B2; A1) are adapted to be 
controlled by said phase adjust signal (PAS) via a 
differential amplifying arrangement (PAA) of which a 40 
first output (+) controls the variable tail current 
sources (IB1; IB2) of said first (B1) and third (B2) 
differential amplifiers and of which a second output 

(-) controls the variable tail current sources (IA2; 
IA1) of said second (A2) and fourth (A1) differential 45 
amplifiers. 

6. Differential amplifier according to claim 5, character- 
ized in that said differential amplifying arrangement 
(PAA) includes a first (TI1 , IP1) and a second (TI2, so 
IP2) tuning circuit controlled in a differential way by 
said phase adjust signal (PAS), in that said first tun- 
ing circuit controls the variable tail current sources 
(IB1 ; IB2) of said first (B1) and third (B2) differentiel 
amplifiers, in that said second tuning circuit controls 55 
the variable tail current sources (IA2; IA1) of said 
second (A2) and fourth (A1) differential amplifiers, 

in that said differential amplifying arrangement 
(PAA) further includes a first current source (TI3, 



RI4) controlled by said first tuning circuit (Til. IP1) 
and a second current source (TI4, RI5) controlled by 
said second tuning circuit (TI2, IP2), and in that said 
first and second current sources control in feedback 
(RI2, RI3) said first and second tuning circuits. 

7. Differential amplifier according to claim 5, character- 
ized in that the transistors (TI1 and TI2) of said first 
(Til. IP1) and second (TI2, IP2) tuning circuits are 
mounted as emitter-followers. 

8. Differential amplifier according to claim 4, character- 
ized in that in said first summing circuit (SU) a first 
output (+) of said first differential amplifier (B1) is 
connected to a second output (-) of said fourth dif- 
ferential amplifier (A1) and a second output (-) of 
said first differential amplifier (B1) is connected to a 
first output (+) of said fourth differential amplifier 
(A1), whilst in said second summing circuit (SD) a 
first output (+) of said second differential amplifier 
(A2) is connected to a first output (+) of said third 
differential amplifier (B2) and a second output (-) of 
said second differential amplifier (A2) is connected 
to a second output (-) of said third differential ampli- 
fier (B2), said first outputs (+) being the positive out- 
puts (OUT+) of said differential amplifiers (DDPA; 
B1, A2, B2, A1) and said second outputs (-) being 
the negative outputs (OUT-) of said differential 
amplifiers (DDPA; B1, A2, B2, A1). 

9. Differential amplifier according to claim 4, character- 
ized in that said first filter circuit (RC) is a balanced 
Resistor-Capacitor integrator, and in that said sec- 
ond filter circuit (CR) is a balanced Capacitor- Resis- 
tor differentiator. 
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FIG. 2a 




FIG. 2b 
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